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2Introduction
The mass of the electron has been shown by 1, Kaufmann
1
to be electromagnetic in origin. This mass is shown by th j
elementary laws of elec tromagnetism to be constant for small
velocities of the electron. M. Abraham2 has developed an electro-
dynamic theory of moving electrons by which he accounts for the
falling off of the mass of : n electron moving with a high ve-
locity. If B is the ratio of the velocity of the electron to
that of light the ratio of the mass of the electron moving
with the velocity v to its mass, m , when moving with a slow
velocity is m . 3 .fl+B8 ., 1+B ,1
m " 4T*L~2B log T=B "J
The Lorentz-Einstein formula, which satisfies the
principle of relativity, gives the ratio of the masses as
z
"2
Kunz° has discussed the bearing of these formulae
in connection with an electromagnetic emission theory of light
and has developed three forms of the formulae on possible
changes of form of the electron.
Stark4 has found that the mass of the cathode particle
tivcreases as the velocity increases. The maximum velocity em-
1. W. Kaufmann, Sott. Nachr., 1901, Heft2; 1903, Heft 5;
Phys. Zeitschr.. 4, 54, 19C2.
2. M. Abraham, 06' tt. Eachr. 1902, Heft 1.
3. Kunz, Archives des Science, Jan. 1913; Phvs. Rev, p. 464, 1914.
4. H. Stark, Verh. d. Deut. Phys. Geaell., 5, p. 241, 1903.

3ployed by him, 1.14 x 10" cm. /sec, was, however, not great
snuf to cause more than a small per cent /Vycrease in the mass.
Later Guye and Ratnosky 1 carried out an experiment
employing rays of 1.47 x 10 10 cm. /sec. velocity and obtained
fix\ increase of nearly twenty per cent in the mass.
Each of the investigators has employed a method in
which the cathode beam traverses nonuniform electric and mag-
netic fields and the deflection is shown on a phosphorescent
screen placed perpendicular to the path. This necessitated a
homogeneous cathode beam.
The conclusions of the experimenter must be based
on a large number of observations taken at each of a number
of different velocities. The method that has been developed
for the present research lessens materially the difficulties
encountered in a verification by cathode rays and is applicable
equally well for the B particles of radium. Perhaps the best
feature of the method is that it is desired to have rays of all
possible velocities present in the discharge instead of a homo-
geneous beam. This allows one to use the discharge from a high
potential transformer without any additional pieces of apparatus
to operate during the time of exposure. Since from a single
photograph calculations may be made of e/m for all the veloci-
ties present it is possitle to obtain the desired results by a
single exposure.
1. Guye & Ratnosky, Archives d. Science, 31, p. 293, 1911.

4The Apparatus
In a previous determination of e/m and v for cathode
rays* an apparatus was used involving the same principles as
this, however, the high discharge potentials used in the present
investigation necessitated a change in the manner of introducing
the electrodes and more effective insulation guarding against
the ionizing and direct effect of the discharge.
A glass jar 11,5 cm. in diameter and about 35 cm.
long had a 2.2 cm, hole bored in its end thru which the cathode
was introduced. The cathode was an aluminum disc about .8 cm.
in diameter carried on a small brass rod encased in a small
glass tube and connected with one terminal of the transformer
thru a platinum wire sealed in the glass. The glass tube en-
casing the cathode rod was supported at two places by a second
glass tube sealed, a3 shown at b in Fig. 1, to a tube of 2 cm.
diameter which passed thru a hol^ in the base of the jar. This
tube was fastened to the base by sealing wax. A brass cylinder,
C, of 10.2 c, . diameter and about 32 cm. long was fastened
rigidly (manner not shown) to the glass jar; and a brass ring,
R, of 1.5 cm. width and .4 cm. thickness was soldered inside
it with its plane perpendicular to the axis of the brass cyl-
inder. An iron cylinder, S, of 7 . 5 cm. insids diameter and .8
cm. thickness was fastened by screws to the ring R. An ebonite
ring, F, of nearly the same dimensions as R was fastened to R
by screws whose heads wer3 sunk well beneath the surface next
1. L. T. Jones, fhys. Rev. N.S. vol. Ill, p. 317, 1914.



G. G was a brass disc cf .3 cm. thickness fastened by brass
screws to the ebonite disc, L, which was of .8 cm. thickness
and carried the electrostatic plates. To increase the insula-
tion discs of mica were placed between G and L, F ar.d G and
R and F. To prevent trouble due to the heavy discharge a brass
disc, M, was held against R by a slip ring in S. A few milli-
meters space was left around the small iron tube I which pass-
ed thru M directly in front of the cathode.
The two electrostatic pi-ates were brass plates 20.5
x 7.5 x 1.2 cm. In the upper one was inlaid a piece of soft
iron, N, 5.13 x 1.4 x .1 cm. A similar piece of iron, P, was
held against N by eight short iron screws. After the iron
piece N was inlaid and all necessary holes had been made in
the plates they were annealed and then one side of each was
surfaced to within .001 cm. of plane. The slip P also had its
face next N made plane, A scratch of about .05 cm. width was
drawn full length on the plane side of P. The ends of this
scratch, for about 1 mm. of their length, were closed with
solder and the solder cut off flush with the surface. A small
cut was then made in each of the bits of solder and these
small cuts determined the path of the electron immediately
before its entrance into the deflecting field3. The electron
then takes the path indicated by the dotted line in Fig. 1.
The electron is thus protected from the fields until it leaves
the constricting canal. Care was taken that the small cut in
the solder marking the entrance of the electron in the fields

was perfect clear to the ends of N and P and that the ends of
N and P were exactly even. As a final precaution a small bit
of solder was placed in the middle of the canal as well and a
small cut made in it. This insured a straight beam thru the
tube. Each of these cuts was .01 cm. in width and of about the
same depth. The softest iron obtainable was used thruout and
the brass was free of magnetic material.
The ebonite disc, L, with its plate, G, was held
against the ring F by four heavy brass screws threaded into
R. They were insulated from G by an air space of about 2 mm.
The two electrostatic plates were held at a fixed
distance apart by four porcelain blocks placed one at each
corner. Under the back end of the lower plate was placed a
brass leg, Q, of adjustable height which served as an addi-
tional support for the plates and at the same time connected
the lower plate electrically with the brass cylinder, and thru
it with M and S.
A hole 2,2 cm. in diameter was bored in the side of
the glass jar at a suitable position and a glass tube waxed to
the jar here, connected the vessel to the molecular pump. A
wire, A, was connected to the brass cylinder near the back
where it could be easily reached from the outside. A was con-
nected to earth and to the second terminal of the transformer.
The surfaces of U and 5 served as anode. The disc U carried
several points nearly in front of the cathode. The upper of
the electrostatic
-plates was connected electrically to the

outside by a wire, B, passing thru an insulating plug in the
brass cylinder and thru a small hole in the glass cylinder.
The hole was made vacuum tight by sealing wax.
The photographic chamber was made light tight by
closing the end of the cylinder with a brass cap and the jar
made vacuum tight by closing with a glass plate sealed on with
a mixture of bees-wax and resin.
The electrostatic potential was applied to A and B
and the transformer connected to A and D.
The Spacing Flocks
&ach of the four spacing blocks placed between the
comers of the electrostatic plates was a length of a porce-
lain tube of 1.3 cm. external diameter. After the sections had
been cut from the tube they were waxed inside a short piece of
brass tubing whose outside was accurately round so it could be
chucked in the grinding machine. They were ground down till
they were of nearly the same length and the end planes parallel
They were then finished by hand on an iron plate with emery
till they were very accurately the same length and the end
planes parallel as the measurements showed.
The length of the blocks was measured by an optical
lever, telescope and scale. The optical lever was made by
soldering two brass knife edges to a rod. Each knife edge was
a brass plate 5 x 4 x .5 cm. with one of the 5 em. edges sharp-
ened to a wood-chisel shaped edge. The edges were made as near-
ly straight lines as possible. The middle portion of the edge

about which the lever turned was cut away so that it rested
on only a short length at the ends. The two edges were made
parallel by clamping them against a block whose sides were
parallel and at the same time resting them on a machinist's
face plate. They were soldered to the rod while in this
position and on coding did not shift. The length of the
lever was measured by a cathetometer reading to .01 cm. first
between the left ends of the two edges (position a) and then
between the two right ends of the edges (position b). The
measurements are given in Table 1.
Table I
Position Cathetometer readings in cm. Length of Lever
a 36.53 13.11 24.42
b 36.55 12.14 24.41
a 36.52 12.11 24.41
b 36.55 12.13 24.42
Average length of lever 24.415 cm.
The scale distance was measured by four meter bars
each of which was compared with a standard meter and the scale
itself so checked. The scale distance was 310.3+ .1 cm. The
lever was tested for zero before and after each measurement
and each time the zero remained unchanged. The length was
checked by a direct micrometer reading. The measurements of
the blocks are given in Table II.
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Table II
Scale Deflect ions
zero
Elock #1 Block #2 Block #3 Block •
28.00 3.05 3.10 3.09 3.07
n 3.03 3.05 3.03 3.03
n O. UD O . is
w 3.03 3.03 3.08 3.09
n 3.08 3.07 3.10 3.09
n 3.05 3,12 3.12 3.05
Average Defl
.
24.95 24.93 24.91 24.94
Average length of blocks .9822 cm.
The Electrostatic Potential
A high potential storage battery, T, was used to
send a small current thru two high resistances M and R shown
in Fig. 2. M consisted of two Wolff boxes aggregating
6 4
2 x 10 ohms and R waB an adjustable resistance of 10 ohms.
The potential drop across a portion of M was compared by the
potentiometer P with a Weston standard cell of 1.0182 volts
o
at 24 C. The standard cell was checked with one recently
received from the Eureau of Standards. By adjusting R the
value was easily kept constant to within 1 volt and the value
thus determined to less than ,1 percent. The two electrostatic
plates were connected directly to the terminals of M.
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Fig. 2
The Magnetic Field
The magnetic field was due to a constant current
thru 240 turns of wire wound on a rectangular frame about
160 x 60 cm. The cross-3ec tion of the coil was about 2x2 cm*
Calculation showed the field to be uniform over a range greater
than that used.
The field was calibrated by the aid of a solenoid of
1141 turns and 149,83 cm, length wound uniformly on a wooden
frame of about 6x9 cm. cross-section. The solenoid was
placed in the geometrical center of the rectangular frame so
that the two fields either coincided or opposed each other,
A small coil of about £00 turns of very fine wire wound on
an ebonite rectangle 2x8 em. was then placed in the center
of the solenoid. This coil was connected to a Grassot flux-
meter whose scale wa3 about 4 meters distant. A known constant
current was sent thru the coil to be calibrated and the current
thru the solenoid adjusted until the fluxmeter showed no de-
flection when the two currents were broken simultaneously. The
ratio of the currents, 70 to 13.55, gave the value of the field
to be 1.854 gausses. A field of .002 gauss produced a de-
flection of .3 mm on the fluxmeter scale.
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The Measurement of the Current
The current in the magnetic field was measured with a
Siemens & Halske ammeter of 150 scale divisions which, with
the shunt, had a range of to 7.5 amperes. The ammeter was
calibrated by passing a current thru it in series with two
Hartmann and Braun standard resistances of .] and 1 ohm. The
potential drop across each resistance was measured by the Wolff
potentiometer against the Weston standard cell and the current
calculated and compared with the ammeter readings. The standard
resistances were kept in an oil bath at constant temperature.
The Reichsanstal t certificate showed the resistances to be
correct to a far greater degre : of accuracy than that with
which the ammeter could be read. The calibrations by the two
resistances checked so only the .1 ohm was usee! in the actual
calibration.
Due to the method used in calibrating the magnetic
field it is not necessary that the ammeter read amperes accurate-
ly if only the readings of the instrument are proportional to
the current. Thruout the calibrations and experiment an adjust-
able resistance was used to set the ammeter needle exactly on a
scale mark in order that any variation in the current could be
more easily noticed. With special care taken for good contacts
little difficulty was experienced in ke ping the ammeter needle
exactly on the division mark.
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The Vacuum
The Gaede molecular pump, with the Gaede mercury pump
as a preliminary, was used for "he exhaustion. The molecular
pump was connected thru 30 mm. tubing directly to the vessel
to be exhausted with no stop cock or other constriction inter-
vening. The mercury pump wis connected to a McLeod gauge and a
large tube of cocoanut charcoal. The order of starting the
pumps assures freedom of mercury vapor in the discharge tube.
The construction of the apparatus with its sealing wax joints
made it quite impossible to heat the ve33el to rid it of mois-
ture. Such a proceeding proved unnecessary with the wide con-
necting tubes used, however, as an hour of pumping was usually
sufficient to produce a vacuum that caused the transformer to
spark 20 cm. between its point terminals rather than pas3 thru
the discharge tube. This degree of rarefaction was usually pro-
duced without the aid of liquid air on the charcoal. To be sure
the equivalent spark length always dropped a few centimeters
during the 'ime of discharge, but a half or at most one minute
of pumping was sufficient to restore the vacuum.
It may be of interest to some users of the molecular
pump to know that considerable trouble was experienced with the
pump due to the creeping in of oil from the bearings. Once in
about six weeks the pump became stiff and the half H.P. motor
was unable to drive it at the normal 3peed used, 8000 R.P.M.
The oil was then taken from the bearings and the whole pump
thoroly washed with filtered gasoline and dried by drawing air
thru it. This operation usually required three days.
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The Electric Discharge
The transformer used to produce the cathode beam was
one built for the ratio 110 - 40000 volts operating on a 60
cycle circuit. For a number of photographs it was used on a
440 volt 60 cycle circuit. The photographs 51 and 60 were taken
with it under these conditions. The rays thus produced were of
rather a slow velocity altho the vacuum waa so high that the
transformer sparked across a 20 cm. gap between points out-
side. In order to lessen the amount of energy used and still
retain the potential the transformer was operated on a 110 volt
circuit with a Wehnelt interrupter. This arrangement, with or
without a capacity across the interrupter, gave rays of a
much higher velocity. Under these conditions, however, the
equivalent spark gap of the vacuum was only about 8 cm. Since
the capacity and self induction of the secondary cr discharge
circuit remained the same it seemed very much as if the freq-
uency affected the equivalent 3park length of the vacuum.
The Formula
The beam passes thru uniform electrostatic and mag-
netic fields, whose lines are parallel to each other, and
strikes the photographic plate lying on the lower electrostatic
plate
.
Let the particle be subjected to the simultaneous
action of the electric and magnetic fields. The particle will
be bent downward by the electric field and 3trike the photo-
graphic plate at a distance ^(measured along the direction
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of the undsf lected team) f rom the source. It will at the same
time be bent aside by the magnetic field a distance z (measured
at right angles to C) . Since many velocities are present they
will show themselves in a long trace on the photographic plate
and c/m may be calculated for any point in the trace and hence
for that velocity. If the electrostatic field alone acts the
resultant trace will be straight down the center of the plate.
If the magnetic field also act3, then for each value of the
current a trace will appear at the side and, when the current
is reversed, a similar trace on the opposite side and at near-
ly the same distance from the center one. In photograph 58,
Plate VI^ two values of the current were used which, with the
central magnetically undeflected exposure, make five traces on
the plate. The magnetic deflection, z, was taken as half the
distance between two corresponding points of corresponding
traces. The electrostatic plates were mounted horizontally and
each particle then describes an arc of a parabola in the vert-
ical plane and the are of a circle in the horizontal plane.
The Electrostatic Deflection
Let d be the distance from the upper electrostatic
plate to the upper surface of the photographic plate and let
t be the thickness of the photographic plate, Fig. 3. If K is
the dielectric constant of the photographic plate and V the
potential difference in volts of the two electrostatic plates
the force on the particle due to the electric field is

Id
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E = V x 10
8
(1)
d + t/K
Thi3 force produces a downward acceleration of the
electron such that
Ee = ma (2)
where e is the charge, m the mass and a the accelera bion of the
electron. If t
1
is the time required for the electron to fall
to the photographic plate we shall have
t1 = y/ 2+ z2 (3)
wher v is the velocity of the electron. Equation (3) is true if
z is small enuf in comparison with £ that the chord may be con-
sidered equal in length to the arc.
tf = f8* 1*8 (4)
(5)
(6)
Then
and since
we (t e
t
d = 1/2 a t
d = M
'dm. v'
Substituting the value of E from equation (K) and rearranging
we have
—2 tt / . 2, , .ft
(7)
mv 3
_ J{£2 + z ) 108
e ~ 2drd + t/K)
'

17
/
/T
The Magnetic Deflection
x If the plane of the
photographic plate be consider-
ed as in the plane of this page
with the source of cathode rays
at the origin, 0, of the set of
axes shown in Fig. 4, the arc of
the circle shown will be the pro-
jection on the photographic plate
of the electron 1 a path and will
show accurately the curvature of
the path due to the magnetic
field. Let z be the magnetic
deflection, measured as previously mentioned, and let £ again
be the x distance to where some electron of velocity v strikes
the plate. If r is the radius of curvature of the circular path
due to the magnetic field, the length of the projection on the
photographic plate of the actual path, or the arc shown, will be
9^
Fig. 4
r 9 = v t- (8)
where 9 is the angle at the center of the circle subtended by
the arc. From Fig. 4 we see that
tan 9/2 = z/£
and that
But
"an 9 = —'
r - z
tan | = ./l^L_co
2 y 1 + co
3 9
s 9
(9)
(10)
(11)
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r — z / \
and from Fig. 4 oos 9 = . (13)
1 -
r
"
z
Then I -J— ! =J * , (13)1 V , . r.AJL V 2r " 21 +
and z2
>2
~
whence r =
^ vr - z
(14)
(15)
2z
The magnetic force on the particle, due to the field
H, is perpendicular to the direction of motion of the particle,
and hence has only its component Hev co3 9 in the y direction.
Since only this component produces the deflection z, we shall
find the average force, f, on the particle and use this value
for the magnetic force.
JP9
n cos 9 d9 3 i n d
i = &- —- = Hev (16)
Thi3 force gives the electron an acceleration a^ in
the y direction.
Then f = ma, = Hev—ii1!-9— (1?)
- i © »
and z = 1/2 a t. . (18)
From equation (8) we have
*i = -jr • < 1S)
and from (17)
a^ = e/m Hv (20)
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Substituting the values from (19) and (20) in equation (18)
(21)
W8 g6t
z = 1 Hr
3Q sin Q
m 2v
From Fig. 4 sin © = //r (82)
and, with an approximation,
r© =
Substituting these values in (21) we find
G v t = Jg 2+ z 2 . (23)
z =
"W \ V/2+ (24)
or _e_
_
2z (25)
mv H V/ 2 + z2
From equations (7) and (25) we obtain the desired expressions,
V - ^?^LL££T x 108 (26)
H^d (d + t/K)
anH e _ z
3 V 2 x 108 .
and = ry \*'J
m H yt d (d + t/K)
For any single photograph taken with constant de-
flecting fields equation (27) may be written in the form
z = C*/e7i i7 , (28)
whare C is a constant.
This equation shows the traces to be straight lines
for constant values of e/m and that the outer traces should
curve toward the central one for the higher velocities. From
the way e/m enters equation (28), one would expect only slight
curvature of the traces unless e/m diminishes very rapidly.
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An inspection of equation (27) shows that only the
ratio zj0 or the slope of the straight lines need be obtain-
ed from the photographic plats. This method is thus made one
of particular accuracy for the determination of e/mQ , for slow
velocities, as it permits easy averaging of values.
The Approximation
It is desired to keep the error of each individual
factor to
. ly. The magnetic deflection z must then be so reg-
ulated that the chord, Fig. 4, is not more than . \y shorter
than the arc.
From Fig. 4
tan 9/2 = z// . (29)
Then 9 = 2 arc tan z/£
. (30)
The length of the arc is then given by
r9 = 2r arc tan z/£ . (31)
The length of the chord is Vi^+ z 2 and, within the error
desired, the equation
z
2~
.099 m —
z-
(32)
2r arc tan £
must be true.
In Table III are given the values of & that were
used and the corresponding maximum values of z permissable.
The third column gives the largest value of z that appeared
on any of the photographs.
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Table III
^in cm. z in cm, z used, cm.
7.0 .78 .255
8.0 .89 .281
9.0 .98 .316
10.0 1.04 .345
11.0 1.09 .380
12.0 1.12 .415
From Table III it is seen that z 2 may be neg-
lected in comparison with and equation (26) and (27) will
then become
t
H d (d + t/K)
v =
z V 10' (33)
e 2z
2V 108
and m H2/ d (d + t/K)
In order to average the values from the differ-
ent photographs and to avoid waste of time in calculation it was
found desirable to correct the values of V, H, d and d+t/K to
standard values that were then constant for all the photographs.
The values chosen were as follows:
V = 2000 volts.
H = due to 3.5 amperes,
d = .8300 cm.
d+t/K = .8500 cm.
Equations ( 26) and (27) may now be written
v = z A (35)
and e/m = z 2 B/£ Z
where A and B are constants. The values of z a3 measured are
now corrected so that for each value of / all the correspond-
ing values of z from the photographs may be averaged and a

ingle calculation of e/m and v mads for the set.
The Earth's Field
In fastening the apparatus to the stone pier it was
carefully placed so that the undeflecterl beam travelled hori-
zontally in the direction of the earth's field. The effect of
the vertical component of the earth's field was then to in-
crease the one deflection of the magnetic field and to lessen
the deflection when the current was reversed. From an inspec-
tion of equation (21) it is seen that the effect of this
vertical component may be neglected as it cancels due to the
method used in measuring z.
The beam of electrons travelled from north to south
so that when only the electrostatic ^ield bends it downward it
cuts the horizontal component of the earth's field at a small
angle. The central trace is thus thrown a litt-l-e to one side.
Let be the value of the horizontal component of
the earth's field. When the electron is deflected magnetically
it has a component valocity at right angles to the magnetic
field and therefore has a small force acting on it. This
force will aid or oppose the force of the electrostatic field
depending on the direction of the magnetic deflection. This
small force due to H, will be shown to be negligible.
The component of perpendicular to the beam is
H-^ sin 9. The force 1ue to H-^ that acts on the electron from
the time it leaves the opening, 0, Fig. 5^ till it strikes the
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H
,$m s
photographic plate at B varies,
and at B has the maximum of
its successive values, H-^ sin G.
This maximum force then pro-
duces an effect a^ on the
electron such that
ev sin © = ma^. (37)
If the electrostatic force E also acts the total force
acting to produce the electrostatic deflection is
Ee + ev sin © = m (a + a2 ). (38)
If v Srin © is small compared with E the effect of may
be neglected. The largest value of sin G does not exceed the
value z/£ = .111 and v does not exceed 1.8 x 1010 cm/sec. if
E is due to 1800 volts the value of H- taken as ,18 will give
the ratio of the forces as .00198. The average force over the
path of the electron may then be neglected since it introduces
no greater error than each of the other factors. The whole ef-
fect of the earth's field may thus be neglected.
From the preceding it follows that a small error made
in placing the apparatus such that the beam would travel neither
quite horizontally nor exactly in the magnetic meridian would
have no appreciable effect on the results of the experiment.
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The dielectric constant, K , of the photographic plate
was taken as 6. Since the plate is in contact with the lower
electrostatic plate and the electrostatic field is always on
for ten to thirty minutes before the exposures are made the
value of the constant chosen must not be that obtained by a
method not allowing for "he accumulation of a charge by the
glass plate. It should be pointed out, however, that if the
value of e/m io measured from the same plate the value of K
will in no wise affect the value of the ratio m/m if only K
remains constant. It will enter, however, in the determination
of the velocity of the electron but the error thus introduced
is relatively small.
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Besul t8
Table IV gives the data of all the photographs taken
and the measurements made from them. The first column gives the
distance ^at which the value of 2z, sec nd column, was measured.
The third column gives the corrected value of the magnetic de-
flection z.
Table IV
/ 2z z in cm. Remarks
cm. cm. corrected
6.0 .4228 .2029 Tlate 51, 1804 volts, 3.5
( . V • do r zi Avei age u— « oi < c> om.
8.0 .5805 .2786 Average d+t/K=.8450 cm.
9.0 .6415 . 3079 Average t=.165 cm.
4.C .2894 .1360 Plate 54, 1804 volts, 3.5
5.0 .3670 ,1725 Average d=.8367 cm.
6.0 .4280 .2011 Average d+t/K=,8611 cm.
7.0 .49 65 .2333 Average t=.1455 cm.
8,0 .5680 .2669
9.0 .6240 .29 32
3.0 .228C .1083 Plate 55, 1804 volts, 3.5
3.5 .2611 .1240 Average d=.8277 cm.
4.0 .2933 .1393 Average d+t/JC=.8534 cm.
4,5 .3230 .1534 Average t=.1545 cm.
3.5 .2664 .1265 Plate 56, 1804 volts, 3.5
4.0 .2952 .1402 Average d=.8272 cm.
4.5 .3238 .1538 Average d+t/K=.8530 cm.
6.0 .4316 .2050 Average t-.155 cm.
3.5 .2516 .1208 Plate 57, 1804 volts, 3.5
4.0 .2960 .1373 Average d=,8172 cm.
4.5 . 3240 .1555 Average d+t/K=,8447 cm.
5.0 .3637 .1746 Average t=,1650 cm.
5.5 . 3945 .1894
6.C .4405 .2115
6.5 .4630 .2223
7.0 .4863 .2335
7.5 .5250 .2520
8.0 .5615 .269 6
8.5 .6100 .2929
9.0 .6590 .3164
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Table IV Cont'd.
o _
z in cm. Remarks
cm. cm. corrected
3.5 . 2420 . 1205
4.0 . 2703 . 1346
4 .
5
. 3033 . 1509 Plate 58, 1926 volts, 3.5 amps.
7.0 . 4607 . 229 3 Average d=.8137 cm.
7.5 .5043 .2512 Average d+t/K=,8418 cm.
8.0 , 5307 .2641 Average t=-.1685 cm.
8.5 . 5633 .2805
9.0 . 5900 .29 38
9,5 .6300 . 3138
10.0 .6540 . 3257
10.5 .6960 .3467
3.5 .1317 .1275
4,0 . 1443 .1397
4.5
. 1587 . 1537 Plate 58, 1926 volts, 1.797 amps.
7 . 0a . 2503 . 2423 Other factors same as above
7 . 5a .2667 . 2582
8.0 . 2817 .2727
8 . . 2957 , 2863
9.0 . 3107 , 3008
9 ,5 . 3250 . 3147
10.0 .3427 .3318
10.5a ,3583 .34 69
6 , . 4377 .2188
7.0 . 4650 .3325 Plate 59, 2016 volts, 3.5 amps.
7 . 5d . 4970 .2485 Average d=.8307 cm.
8 . . 5290 . 2645 Average d+t/K=. 8560 cm.
8. 5 .5601
.
2800 Average t=.1515 cm.
9 . .5886 . 2943
9.5 .619 3 .3096
10. Od .6503 . 3<o5 2
6 . . 3515 .2241
7.0 . 3767 . 2402
7.5 .4030 .2570
8.0 .4271
.
2723
8.5 .4476 .2854 Plate 59, 2.745 amps. Other
9 .0 .4739 . 3022 factors constant for plate.
9 . 5 . 4977 . 3174
10.0 .5247 . 3346
10.5 .5446 .3473
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Table IV Cont'd.
Mr 02 a IX. nJ III *
cm % cm
.
correc uea
6.5 .2637 .2311
7.0 .2857 .2504
7 RH Tm 7
ft DriO . UU TP1 A Pftl 7
ft R T TCI 7
. O OO f
o n TR 7 A T1 TR
. Ox oo
O R TftriA
. oOiJOinn TOO R TROP
R RH i 7 1 n
. X f XU PTOA
7 n t ftpn PRAft
7.5 .1962 .2747
8.0 .2096 .2935
ft R PP1 R tt m
q n
. C- OCi o
Q R
v.' * o PARR TATft
in n PRO 1 "XP. PR
10.5 .2681 .3754
11.0 .2811 .3936
a n
. cOOO . X OlO
A R PC Tft
.
<oy oo . X*iOC7
r n TP1 ft
• OoXO • 1 DUd
5.5 .3460 .1730
6.0d .3778 .1889
a n pi nn 1 TAT
A R p t.4 n 1 AO A
r n P RRA
. xoOx
5.5 .2786 .1779
6.0d .2980 .1902
4 n 1 RRP i tap
4- R*
. O 1 7 TP 1 RPR
r n
• X.. v>o 1
an tl
. XO f o
5 5 20R6 1 P.04
6.0 .2232 .1959
4.0 .1158 .1352
4,5 .128% .1500
5.0 .1418 .1637
5.5 .1534 .1792
6.0 ,1654 .1932
Remarks
Plate 59, 1997 amps. Other
factors constant for plate
Plate 59, 1,250 amps. Other
factors constant for plate.
2016 voltsPlate 60, 3.5 amps,
,
Average d-.8297 cm.
Average d=t/K=,8550 cm.
Average t=.1525 cm.
Plate 60, 2.745 amps. Other
factors constant for plate.
Plate 60, 1,99 7 amps. Other
factors constant for plate.
Plate 60, 1.500 amps. Other
factors constant for plate.
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Table 17 Cont'd
2z z in cm.
cm. cm. corrected
4.0 .1650 .1408
4.5 .1888 .1611
5.0 .2070 .1766
5.5 . 2275 . 1941
6.0 . 8463 .2101
6.5 .2670 .2278
7.0 .2900 . 2474
7.5
.
3077 .2625
8.0 . 3280 .2798
8.5 .3463 .2954
9.0 , 3610 . 3080
9 ,5d .3983 .3398
4,0d .3230 .1384
4.5 .2493 .1547
5.0 .2748 .1705
5.5 .3000
.
1862
6,0 . 3280 . 2036
6.5d .3533 .2193
7 .0d . 3815 .2387
7.5dd .4075 .2529
8.0 .4350 .2699
8,5 .4583 . 2844
9.0 .4853 .3013
9 ,5a ,5060 .3141
10.0 . 5213 .3310
4. Odd .2768 .1347
4.5d
. 30P8 .1507
5.0 .3373 .1641
5.5 .3710 .1805
4.0 .1780 .1424
4.5 . 2000 . 1600
5.0 . 3208 .1766
5 ,
5
.
2423 .1938
6.0 . 2630 . 2096
7 , Od
.
3115
.
2493
7.5d
.
3393 . 3635
8.0 . 3505 .3804
8.5 .3702 .3963
9.0
. 3918 . 3134
9.5 .41.08 .3387
10.0 .4308 .3446
10,5 .4490 .3593
11.0 .4728 .3782
11.5 .4918 .3935
12.0 .5180 .4144
Remarks
Plate 63, 19 26 volts.
Average d=,8347 cm.
Average d+t/K=.859 3 cm.
Average t=.1475 cm.
1.997 amp3
Plate 63, 2.745 amps. Other
factors constant for plate.
Plate 63, 3.5 amps. Other
factors are constant for plate,
Plate 64, 1.997 amps. Other
factors constant for plate.
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Table IV Cont'd
£ 2z z in cm.
cm
.
cm. corrected
4.0 .2998 .1368
4,5 . 3358 .1533
5.0 .3695 .1686
o . J dm ^* TtVJ J. O . X O OCj
6.0d .4420 ,2017
7. Odd .5110 . 2332
7.5d ,5475 .2500
8.0 .5845 .2667
8.5 .6175 .2818
9.0 .6570 .2998
9.5 .6895 .3147
10,0 .7253 .3310
10.5 .7575 . 3457
11.0a .79 40 . 3624
Remar ks
Plate 64, 1666 volts, 3.5 amps,
Average d=.8270 cm.
Average d+t/X=,85 30 cm.
Average t=,1552 cm.

Table IV Cont'd
$ Sz z in cm.
cm. cm. ccrr ec ted
4.5 .3070 .1833
5,0 . 2323 .3046
5,5 .3517 .3217
c r\D , . 3 7 10 • coo 7
6.5 .39 7 .3561
7.0 .3103 .3734
7.5 .3380 .3977
8.0 .3607 .3178
o cO . O • 3 7\3 6 'Xiao. O OHcO
9,0 .4000 .3524
9,5 .4187 .3689
10.0 .4410 .3885
10.5 .4610 .4061
4,5 .1815 .1591
5.0 .2035 .1775
5,5 .3235 .1950
6.0 .2390 .2095
6.0 .3330 .2123
8,0 .4405 .2810
8.5 .4645 .2962
9.0 .4895 .3122
6.0 .4155 .2078
8.0 .5545 .2772
8,5 .5795 .2898
9.0 .6120 .3060
8.0 .5303 .3630
8.5 .5568 .2762
9.0 .5875 .3914
9.5 .6190 .3071
8.C .4147 .3623
8.5 .4383 ,2773
9.0 .4635 ,2926
9.5 ,4800 .3036
8.0 .3050 .2652
8.5d ,3237 .2815
Kemar ks
Plate 66, 2100 vclts
1,997 amperes.
Average d=.8450 cm.
Average d+t/K=,8678 cm.
Average t=.1373 cm.
Plate 67. 3016 volts, 1.997 amps
Average d=.8307 cm.
Average d+t/K=.8559 cm.
Average t=.1515 cm.
Plate 67, 2.745 amps. Other
factors constant for plate.
Plate 67, 3.5 amps. Other
factors constant for plate.
Plate 68, 3.5 amps. 1936 volts
Average d=,8172 cm.
Average d+t/K=.8447 cm.
Average t=.1650
Plate 68, 3.745 amps. Other
factors constant for plate.
Plate 68, 1,997 amps. Other
factors constant for plate.
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Under Table V is given the values of£for the caaes
measured. The second column gives the corrected values of the
magnetic deflection z; the third column shows the value of e/m
calculated from these and the values of the constants A and B.
The fourth column gives the value of the velocity, v, and the
fifth and sixth columns the values of e/m and v after the
correction due to the distortion of the magnetic field has been
applied. Since in measuring z the same error occurred in the
smaller deflections as in the larger ones, the corrected values
were given corresponding weights in determining the average
value of z.
Plate 51 was discarded because, as is easily seen from
the photograph, the film was scraped and distorted before it was
quite dry. The distortion, tho slight, caused the lines to
come closer together for the smaller values of & %
Plate 60 was discarded since the results obtained from
it were some 10$ or 15$ lower than any other value obtained,
and it and photograph 51 were the only two taken with the trans-
former operating on the 440 volt 60 cycle circuit.
On each of the photographs the lines seen crossing the
electron paths were drawn between the jaws of a pair of vernier
calipers. The photographic plate while in position touched the
ebonite disc L, Fig. 1, and hence the length of the iron slip
P determined the distance of the opening from the end of the
photographic plate, On each of the photographs the line at the
left is that marking the opening and the others show the success-
ive values of ^ fox which the values of e/m and v were calculated.
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In several of the photographs, 51 and 54 for instance, the
lines could be seen nicely with the unaided eye, but were too
dim when seen thru the comparator microscope. These lines were
touched with a sharp pencil and these marks used to determine
the position of the lines. The photographs show very easily
which of the lines were so treated.
The distance apart of the traces, 2z, was measured
by a comparator reading to .005 mm. The value of 2z for each
distance / was measured five times, usually on different days,
and the average taken. Usually no measurement differed more
than .001 cm. from the average and almost never did one differ
more than .002 cm.
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in cm.
cm. corrected
o »
u
T HP ^
• 1UO o
« O . J. tnU
I llvUJ
. X £>WO
1 27S
Average .1235
4 n
• X OD VJ
. X OS o
• ityti
• X O^r D
1 7Q7
. X OS? r
. X 'iUO
. X OOt:
• X Ot 1
1 4. 24.
. X DO
Average .1378
. iOW
. XO CO
o XOOD
• X OL/c;
. XOO r
• loll
1 R47
1 R07
• 1600
.1533
.1591
Average .1545
5.0 .1725
.1746
,1766
.1705
.1641
.1766
.1686
.1775
Average .1719
Table V
-7 -10
,
-7 -10
e/m x 10 v x 10 e/m x 10 v x 10
corrected corrected
1,754 ,4731 1.917 ,4949
1.676 .5395 1 .808 ,5611
1,598 .6019 1.710 .6230
1.587 .6749 1.679 .6958
1.591 .7509 1.680 .7719
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Table V Cont'd
^in z in cm.
cm. corrected
1 ftO A
1 ftfi P
TO 7ft
i ft 7P
.1950
Av erage .187?
6 POPQ
201 1
PORO
pi oi
« ulul
,2096
.3017
POQ R
n V cl tig, c pofi 7
PPP 7
Pi ftft
PP4.1
P71 1
• <S OX 1
227ft
P1Q 7
AV PT a Or P 2PAR
7.0 ,2379
,2333
.2335
,2293
.2423
.2325
.2402
.2504
.2548
.2475
.2367
.2492
.2332
Average .2381
-7 10 , -7 -10
e/m x 10 v x 10 e/m x 10 v x 10
corrected corrected
1.568 .8200 1.648 .8405
1.591 .9011 1,664 .9218
1.606 ,9806 1.675 1,002
1.558 1.040 1.620 1.082
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/J/in z in cm.
cm. corrected
7.5 .2520
.2582
.2485
.2570
• 2644
.2625
.2529
.2635
.2500
Average .2521
8.0 .2786
.2669
.2696
.2641
.3727
,2645
.2723
.2817
. 2798
.2699
.2804
.2667
.2810
.2772
.2652
.2623
,2630
Average .2708
8.5 .2929
.2805
.2863
.2800
.2854
.2969
.2954
.2699
.2962
,2818
.2962
.2898
.2815
.277 3
.2762
Average .2851
Table V Cont'd
-7
-10 i -7 -10
e/m x 10 v x 10 e/m x 10 v x 10
corrected corrected
1.521 1.101 1.577 1.121
1.542 1.183 1.596 1.203
1.514 1.245 1.564 1.265
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Table V Cont'd
-7
-10
,
-7 -10
in z in cm. e/m x 10 v x 10 e/m x 10 v x 10
cm. corrected corrected corrected
9 . C . 29 32
.3164
.29 38
.3008
.2943
. 3022
.3135
.3080
.3012
.3134
.2998
.3122
.3060
.3036
.
2914
Average !3028 1.524 1.323 1.571 1.344
9.5 .3138
.3147
.3096
.3174
.3335
.3398
.3141
.3134
.3147
.3036
,3071
Average .3152 1.482 1.377 1.527 1.398
10.0 ,3257
.3318
.3252
.3346
.3502
.3310
.3446
.3310
Average .3327 1.490 1.453 1.532 1.473
10.5 ,3467
.3469
.3473
.3592
.3457
Average .3484 1.482 1.522 1.522 1.552

3f:
Table V Cont'd
-7 -10
,
-7 -10
in z in cm. e/m x 10 v x 10 e/m x 10 v x 10
cm. corrected corrected corrected
11.0 .3782
.
3634
Average .3681 1.507 1.608 1.545 1.627
11.5 .3935 1.576 1.719 1.614 1.740
12.0 .4144 1.605 1.810 1.642 1.830
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The values of e/m and v taken from the third and fourth
columns of Table 7 are shown plotted on Plate I. The elides
indicate these values and the number inside the circle indicates
the number of observations of which it is an average. These
values were found to lie below either of the curves expressing
the Loren tz-Einstsin and Abraham formulae. It tfas found ex-
perimentally that the distortion of the magnetic field due to
the iron of the constricting canal had the effect of making the
magnetic deflection smaller. It may be considered as zero for
a small distance p further and then constant for the remainder
of the path. This has the effect of making £ smaller and hence
e/m and v larger. The length £does not enter directly into the
value of v unless the two values of / for the distance of
travel in the two fields, electrostatic and magnetic, are
different. The value 1,765 was assumed a3 the correct value of
e/m and the two curves on Plate I accordingly point to this
value for slow velocities. The magnitude of the factor p was
calculated that would bring the experimental results for the
velocity ,6 x lO1 ^ up to the mean of the values expressed by
the two laws and this same value, p=.7mxn., was used to correct
all the values determined. These corrected values are given
in the fifth and sixth columns in Table V, and are plotted as
the crosses on Plate I. The results for ^=3,0 cm., j£=ll.O cm.,
and for cm,, Table V, were discarded as they were the
results of single. observations.
Plate II shows the uncorrected values of e/m and v
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for photograph 58-3.5 ampersa. These point8 show a falling off
of the maea with the higher velocities.
Plate III shows the uncorrected values of e/m and v
for photograph 58 - 1,797 amperes. These points as well show
the mass to be smaller for high velocities.
On Plate IV the circlea show the uncorrected valuea
from photograph 64 and the dots above them the valuea obtained
by applying the 8ame correction, p=.7mm. Even if twice this
correction were applied, it is easily seen that the points would
still fit the Lor entz-Einstein rather than the Abraham formula.
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Plate V
Photograph 54. 1804 volts, 3.5 amperes.
Photograph 55, 1804 volts, 3.5 amperes.
rhotograph 56j 1804 TTolts, 3.5 amperes.
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Plate 71.
Photograph 57, 1804 volts, 3.5 amperes.
Photograph 58,1926 volts, 3.5 & 1.79? amperes.
Photograph 6©,. 2016 volts, 3.5, 3.745, 1.9P7 & 1.500 amps.
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Tint" VJll
Photograph 63, 1926 volts, 3.5, 2,745 A 1.997 amperes.
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Conclusions
1. The method used in the present investigation doe3
not necessitate a homogeneous cathode beam.
2. Each photograph gives a trace of all velocities
present and makes possible a verification of the law from a
single photograph,
3. The cathode beam never leaves the region between
the electrostatic plates. The uncertain field distribution
at the ends of the plates is thus avoided.
4. The present investigation has been carried out
with ray 3 of a velocity about ten percent greater than any
previously employed,
5. The result 8 favor the Lorentz-Einstein rather
than the Abraham formula.
In conclusion I wish to express my appreciation to
Dr, C. T. Knipp for the enthusiasm with which he has followed
the progress of the work. Also I wish to express my thanks
to Prof. A. P. Carman, Director of the Laboratory, for the
facilities he so kindly placed at my disposal.
Laboratory of Physics
University of Illinois
May 12, 1915
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